Background: Women living in socio-economically disadvantaged neighbourhoods are at increased risk for physical inactivity and associated health outcomes and are difficult to reach through personally tailored interventions. Targeting the built environment may be an effective strategy in this population subgroup. The aim of this study was to examine the mediating role of environmental perceptions in the relationship between the objective environment and walking for transportation/recreation among women from socio-economically disadvantaged neighbourhoods.
Background
Despite the well-known benefits of engaging in sufficient physical activity (i.e. at least 150 minutes of moderate-tovigorous physical activity per week) [1] , large proportions of adults living in developed countries are insufficiently active. Ecological models of physical activity behaviour [2, 3] emphasize the importance of studying correlates on multiple levels -individual, social, physical environmental and policy. Furthermore, ecological models posit that correlates are behaviour-specific, so research should focus on specific physical activity behaviours. Determining the most pertinent correlates of both walking for leisure and walking for transport is important to inform effective interventions aimed at increasing these behaviours. Environmental correlates may be particularly relevant as their implementation can have immediate, population-wide, benefits.
Physical or built environmental attributes related to walkability (i.e. high street connectivity, mixed land use, high residential density) have been consistently associated with active transportation in adults [4, 5] . Mixed evidence has been found on the role of these traditional walkability characteristics in explaining leisure-time physical activity [6] [7] [8] . Whilst it is likely that the environment is still a relevant factor in promoting these behaviours, other physical environmental attributes like access (i.e. availability and proximity) to recreation facilities or neighbourhood aesthetics (e.g. presence of trees, absence of litter, attractive scenery) may be more essential in influencing leisure-time walking and moderate-to-vigorous physical activity [9] .
It is particularly important to examine the contribution of the physical environment to explain physical activity in individuals with low educational levels or those living in socio-economically disadvantaged neighbourhoods and in women of childbearing age (18-46 years). These population subgroups are at increased risk for physical inactivity and associated outcomes including overweight or obesity [10, 11] . Furthermore, it is known that individuals living in low-income neighbourhoods are difficult to reach through personally tailored interventions [12] and that women with children possibly have strong barriers towards physical activity (e.g. lack of time, lack of energy, childcare issues) [13] . Thus, targeting the physical environment might be a more effective strategy for achieving behaviour change in these target groups.
To assess environmental characteristics related to neighbourhood walkability, both objective and self-report measurement methods can be used. Reports of the level of concordance between the objective and perceived environment have been mixed [14] [15] [16] , so it remains unclear how strong the agreement between both types of measures is. Furthermore, it is possible that objectively measured highwalkable environments, characterized by high residential density, mixed land use and high street connectivity and typically situated in city centres, induce some negative environmental attributes, like crime-and traffic-related safety problems, poor-maintained buildings and litter. A previous Belgian study confirmed this hypothesis, showing that adults living in objectively-assessed high walkable neighbourhoods perceived more aesthetic-related problems, pollution, crime and less overall safety than those living in low-walkable neighbourhoods [17] .
It remains unknown how a mix of positive and negative environmental characteristics may affect physical activity and whether these associations work directly or indirectly (mediations). Several theoretical frameworks, like the ecological models [2, 3] and the ENrG framework [18] emphasize the importance of examining cognitive factors (e.g. intrapersonal factors, environmental perceptions) as potential mediators of the relationship between the objective physical environment and physical activity. However, until now these potential mediators have rarely been included in public health research. One previous Canadian study found evidence of clustering of environmental characteristics: adults living in a high-walkable neighbourhood with few green spaces did more active transportation than those living in a low-walkable neighbourhood with many green spaces [19] . This suggests that walkability characteristics are of overriding importance to explain transport-related walking. To our knowledge, no other studies have examined these clustered associations, nor the mediating effects of environmental perceptions in explaining the relationship between the objective environment and physical activity. Examining these mediating effects can help to better understand the relationship between the objective/perceived environment and physical activity and can help to identify which factors to focus on when developing programs to optimize the built environment.
Based on the shortcomings in the current literature, the aim of the present study was to examine the mediating effects of specific environmental perceptions in the relationship between objective environmental characteristics and walking for transportation/recreation in women from socio-economically disadvantaged neighbourhoods. The current study focused on walking, because this is the most common and accessible type of physical activity in adults having documented health benefits [20] and because the impact of the neighbourhood environment is supposed to be strongest for walking [4] .
Methods
For this study, baseline data of the Resilience for Eating and Activity Despite Inequality (READI) study were used. Details on the study protocol of this study have been published elsewhere [21] . Briefly, the READI study is a longitudinal cohort study examining resilience to obesity among women (18- 
Procedure and participants
Participants were randomly selected using the electoral roll (registration is compulsory for Australian citizens) from 40 rural and 40 urban socially and economically disadvantaged suburbs in Victoria, Australia. To select the 80 READI suburbs, all suburbs in Victoria were categorized into low-, middle-or high-disadvantage tertiles, using the Australian Bureau of Statistics' Socio-economic Index for Areas (SEIFA). The SEIFA is an area-based measure of socio-economic disadvantage, constructed from the population census [22] . Suburbs in the lowest SEIFA tertile that had populations of ≥1200 people and were located within 200 km of Melbourne, formed the READI suburb selection pool. In total, 50 women aged 18-45 years from each suburb were selected (or, where there were fewer than 150 women in this age range living in the suburb, all women within the age range were selected).
In total, 11940 women living in these suburbs were posted a survey, assessing a broad range of factors that might influence women's lifestyle choices associated with obesity risk. Two reminder letters (10 days and 20 days after initially mailing the survey) were sent to those who did not return their survey [23] . Of the surveys distributed, 861 were returned as undeliverable and 17 were returned from individuals who were not eligible (e.g. men). In total, 4934 completed surveys were returned (45% response rate). Of these 4934 women, 571 were excluded because they no longer lived in a READI suburb, nine were excluded because they were not within the desired age range (18-46 years), three were excluded because the survey was not completed by the person it was addressed to, and two subsequently requested to be withdrawn from the study. Because physical activity was examined as an outcome measure in the present study, only women who were not pregnant at the time of the survey were included in the analyses. Applying this exclusion criterion led to a final sample of 4139 women. The mean number of participants per suburb was 52 (SD: 9), ranging from 29 to 72 across suburbs.
Measures

Objectively-assessed physical environment
Data on the spatial location of amenities within a 2 km pedestrian road network buffer [24] around each participant's residence were collected using multiple secondary sources including online directories, commercially available datasets, and state and local government spatial datasets. These data were mapped using a Geographic Information System (GIS) (ArcGIS 9.3). Characteristics of density of physical activity/food related destinations and street connectivity were assessed, because these walkability-related characteristics have previously been shown to be associated with walking among adults [7] . To assess the density of physical activity/food related destinations, the number of fast food restaurants (e.g. Pizza Hut, McDonalds, Nandos, Subway), supermarkets (major chain, other supermarkets and green grocers), sports facilities (gym/leisure centres and public swimming pools) and playgrounds within the 2 km buffer were counted. Z-scores were calculated for each separate destination and all z-scores were summed to obtain an overall 'destinations' score. Street connectivity was defined as the number of three-or more-way intersections within the 2 km buffer and a standardized z-score was calculated [25] . Finally, the objective 'destinations/connectivity' z-score was calculated by summing z-scores for density of physical activity/food related destinations and street connectivity.
Perceived environment
Existing measures were used to assess perceptions of aesthetics (mean of five items, Cronbach's alpha = 0.74), the neighbourhood physical activity environment (mean of seven items, Cronbach's alpha = 0.80), personal safety (mean of three items, Cronbach's alpha = 0.85) [26] and social cohesion of the neighbourhood (mean of five items, Cronbach's alpha = 0.83) [27] . The different scales, items and response categories are presented in Table 1 .
Self-reported physical activity
Self-reported physical activity was collected using the long version of the International Physical Activity Questionnaire (IPAQ-L). The IPAQ is suitable for use in adults aged 15-69 years, has excellent test-retest reliability properties (pooled r = 0.81) and acceptable validity (mean ρ = 0.30) when compared with accelerometerbased physical activity [28] . Frequency (number of days in the last seven days) and duration (hours and minutes per day) of physical activity in different domains (work, transportation, recreation and household) were assessed. Minutes/week of different types of physical activity were calculated by multiplying frequency with duration. Only min/week of walking for transportation and min/week of leisure-time walking were used in the present analyses.
Socio-demographic covariates
Possible covariates were selected based on evidence in previous literature examining associations of sociodemographic characteristics with transport-related and leisure-time walking [29] . Self-reported information on participants' age, educational level (low: <Year 12; medium: Year 12/trade/certificate; High: university/ postgraduate), employment status (employed: including full-time work and part-time work; unemployed: including those unemployed/laid off, keeping house/raising children, full time study and retired), smoking status (yes; no), marital status (married/in a relationship; alone, including separated, divorced, widowed; and never married), number of children (none; one or more) residential location (urban; rural) and BMI were collected. Only those variables that correlated significantly with transport-related and/or leisure-time walking were included as covariates in the statistical analyses. Consequently, age, educational level, employment status, smoking status and marital status were included as covariates in all analyses.
Statistical analyses
Analyses were conducted using SPSS 19.0. The walking variables were positively skewed, therefore, the square root of the original variables was used in the analyses to improve normality. Raw data were used to calculate the descriptive statistics, shown in Table 2 .
In all analyses, clustering of participants at suburb level was taken into account by conducting multilevel analyses (mixed models analyses in SPSS taking into account two levels: level 1 = individual; level 2 = suburb).
In the first stage of the analyses, the main associations between the objective physical environment (destinations/ connectivity z-score) and the outcome measures (walking for transportation and leisure-time walking) (τ), were tested. Then, in a second stage, the mediating role of different environmental perceptions on these associations was tested using the product-of-coefficients test of MacKinnon and colleagues [30] . This specific test was used as it provides greater statistical power than other commonly used mediating methods [31] . The test includes (1) estimating the effects of the destinations/connectivity z-score on potential mediators (perceived aesthetics, physical activity environment, personal safety, and social cohesion of the neighbourhood) by regressing the potential mediators onto the z-score (α-coefficients); (2) estimating the independent effect of the potential mediators on the physical activity outcome (transport-related walking or leisure-time walking) by regressing the outcome onto the destinations/connectivity z-score and the potential mediators (β-coefficients); (3) computation of the product of the two coefficients (αβ), representing the mediated effect. The statistical significance of the mediated effect was estimated by dividing the product-of-coefficient by its standard error. Moreover, the proportion mediated was calculated by dividing the product-of-coefficient (αβ) by the total main effect of the destinations/connectivity z-score on the respective outcome measure (τ of first stage of analyses). For all analyses, 95% confidence intervals (CI) were reported.
Results
Socio-demographic characteristics, descriptive statistics of the physical activity behaviour of the sample, as well as objective and perceived physical environmental characteristics are presented in Table 2 
Associations between the destinations/connectivity z-score and potential mediators (α-coefficients)
The α-coefficients are presented in Tables 3 and 4 . The objective destinations/connectivity z-score was negatively associated with perceived aesthetics (CI = −0.03, -0.01), personal safety (CI = −0.05, -0.03) and social cohesion of the neighbourhood (CI = −0.03, -0.01), while it was positively related to the perceived physical activity environment (CI = 0.001, 0.02). So, for all potential mediators, β-coefficients were calculated.
Associations between potential mediators and the outcome measures (β-coefficients)
The results for transport-related walking are shown in Table 3 . After taking into account the destinations/ connectivity z-score, the perceived physical activity environment (CI = 0.52, 1.42) and personal safety (CI = 0.08, 0.69) were positively associated with walking for In relation to leisure-time walking (Table 4) , perceived aesthetics (CI = 0.15, 0.94), the physical activity environment (CI = 1.05, 1.82), personal safety (CI = 0.19, 0.71) and social cohesion of the neighbourhood (CI = 0.19, 1.00) showed a positive association after taking into account the objective destinations/connectivity z-score.
Mediated effects of environmental perceptions on the associations between the destinations/connectivity z-score and the outcome measures (αβ-coefficients)
The perceived physical activity environment (6.1%; CI = 0.001, 0.02) mediated the association between the objective destinations/connectivity z-score and walking for transportation (Table 3) . A suppression effect for personal safety was found; which indicates that including this mediator strengthened the association between the destinations/connectivity z-score and transport-related walking.
Perceived aesthetics (12.0%; CI = −0.02, -0.001), personal safety (20.0%; CI = −0.03, -0.006) and social cohesion of the neighbourhood (13.3%; CI = −0.02, -0.003) mediated the association between the destinations/connectivity z-score and leisure-time walking (Table 4) . For the perceived physical activity environment, a suppression effect was found. The multiple mediation model showed that the joint mediating effect of all environmental perceptions was significant (CI = −0.04, -0.001) and that 24.4% of the association between the destinations/connectivity z-score and leisuretime walking was mediated by all mediators together. This proportion is lower than the sum of the proportions mediated by separate mediators because of the significant correlations between different mediators (correlation coefficients ranging from r = 0.38 to r = 0.55, all p < 0.001).
Discussion
The present study revealed several direct and mediating associations between the objective physical environment and different types of walking among Australian women living in socio-economically disadvantaged neighbourhoods. After controlling for socio-demographic covariates, the objective score including measures of density of physical activity/food related destinations and street connectivity, was positively associated with walking for transport. Previous research consistently found a positive relationship between walkability-related environmental characteristics and active transportation in adults [4, 5] . The Table 3 Regression analyses for possible mediators of the associations between the destinations/connectivity score and walking for transportation SE standard error, CI confidence interval, S suppression effect. All significant associations are presented in bold font. Notes: α-coefficients were estimated by regressing the potential mediators onto the destinations/connectivity z-score; β-coefficients were estimated by regressing walking for transportation onto the destinations/connectivity z-score and potential mediators; αβ-coefficients represent the mediated effect; all possible mediators were positively scored (higher score = better perceptions); all analyses were controlled for individual-level age, smoking status, marital status, employment status and educational level. Table 4 Regression analyses for possible mediators of the associations between the destinations/connectivity score and leisure-time walking SE standard error, CI confidence interval, S suppression effect. All significant associations are presented in bold font. Notes: α-coefficients were estimated by regressing the potential mediators onto the destinations/connectivity z-score; β-coefficients were estimated by regressing leisure-time walking onto the destinations/connectivity z-score and potential mediators; αβ-coefficients represent the mediated effect; all possible mediators were positively scored (higher score = better perceptions); all analyses were controlled for individual-level age, smoking status, marital status, employment status and educational level.
objective destinations/connectivity score was negatively associated with leisure-time walking. We are unaware of previous studies reporting negative associations between walkability-related features and leisure-time walking in adults. Hitherto, previous findings have been inconsistent with results ranging from positive associations to no significant associations [4, 7, 32, 33] . However, no prior studies have examined these relationships among women living in socio-economically disadvantaged neighbourhoods, so the present findings could be specific for this population subgroup.
The mediating analyses presented in this paper helped to explain the negative association between the objective destinations/connectivity score and leisure-time walking. Living in an environment with high street connectivity and many destinations nearby was related to having positive perceptions of the physical activity environment, but also with perceiving poor aesthetics, low personal safety and low social cohesion of the neighbourhood. In total, 24.4% of the negative association between the objective destinations/connectivity score and leisure-time walking was explained by these negative perceptions. The present findings confirm the hypothesis that high (objective) walkability is not necessarily accompanied by positive perceptions of related environmental attributes [17] . Furthermore, it seems that these negative perceptions might outweigh the importance of walkabilityrelated characteristics to explain specific behaviours like leisure-time walking. Living in a poor-connected neighbourhood with few destinations nearby, but perceiving high safety and favourable aesthetics may be more beneficial for leisure-time walking than living in an objectively well-connected environment with many destinations.
To explain transport-related walking, favourable objective street connectivity and density of destinations, in combination with positive perceptions of the physical activity environment seem to be of overriding importance, even when poor aesthetics and low personal safety were perceived. For transport-related walking, the present findings are in line with the results of McCormack and colleagues [19] , who suggested that walkability characteristics are more important to explain active transportation than other environmental features, like the availability of green spaces.
When considering the mediating effects in more detail, it seems that objective walkability-related characteristics (i.e. density of destinations and connectivity) are directly associated with transport-related walking, while the relationship with leisure-time walking is more complex. A possible explanation for this finding could be that leisuretime walking is a type of physical activity that is consciously practiced, and governed by choice rather than necessity [3, 34, 35] . Probably adults, and more specifically women living in socio-economically disadvantaged neighbourhoods, do not want to walk for recreation in an environment that is aesthetically unappealing, unsafe and has a low level of social cohesion. Because transportrelated walking is rather governed by necessity, it is plausible that negative perceptions of neighbourhood social cohesion, personal safety and aesthetics will not prevent women living in socio-economically disadvantaged neighbourhoods from walking for transportation.
Perceived personal safety and aesthetics have been previously related to leisure-time walking, while the perceived physical activity environment has been associated with active transportation [4, 5, 36] . Consequently, although the direction of some of the mediating effects was surprising, the mediating effects of these attributes per se were not unexpected. However, an important novelty of this study is the mediating effect of neighbourhood social cohesion. To our knowledge, the role of neighbourhood social cohesion to explain the relationship between the physical environment and physical activity has not been studied previously. The mediating effect identified here is a key finding for future research because social cohesion has been identified as an important factor positively related to neighbourhood satisfaction and overall physical and mental health [37] [38] [39] . Therefore, from a broader health perspective, it is necessary to further clarify these associations and to find out how feelings of social cohesion among women and other residents living in high-walkable environments can be improved.
Acknowledging the cross-sectional study design and the need for confirmation of causal relationships, it seems that to increase both transport-related and leisure-time walking, it is necessary to find an optimal balance between several environmental attributes. Walkability-related characteristics, perceptions of personal safety, favourable aesthetics, high neighbourhood social cohesion and possibly other features that were not included in this study should be optimally balanced in order to support walking. Other physical and social environmental perceptions (e.g. social support, perceived accessibility of facilities) should be included as possible mediators in future studies. This may help to fully understand the indirect nature of the relationship between objective physical environmental characteristics and walking for different purposes in socio-economically disadvantaged women.
A strength of the present study was the large study sample of women living in socio-economically disadvantaged neighbourhoods, a population subgroup being at high risk for overweight and other health problems and difficult to reach in research studies and interventions. Second, women living in both urban and rural regions were included in the study. Third, powerful mediation techniques were used in the analyses, and the large number of participants (n = 4139) gave the power to adjust for a range of covariates in the analyses. Fourth, both objective and perceived measures were used to assess the neighbourhood physical environment. The objective neighbourhood environment was assessed with individualized network buffers, giving a better representation of the actual environment than buffers measured through the car network. Finally, environmental perceptions were assessed using a validated questionnaire and two specific physical activity domains were assessed using a validated questionnaire and examined independently.
Besides these strengths, some limitations need to be acknowledged. The most important study limitation was the cross-sectional design, which ruled out the possibility of determining causality. Second, because the response rate was lower than 50% a selection bias towards more motivated women may have been present. Third, women who had moved from the suburbs included in the study were excluded from the analyses because no GIS data could be linked to their addresses. As these women have a less stable location, it might be that mainly the most socioeconomically disadvantaged women were over-represented in this group and potentially excluded from the analyses. Fourth, only women between 18 and 46 years were included, so the present results cannot be generalized to a broader population of adult women living in socioeconomically disadvantaged neighbourhoods. Finally, because the IPAQ was used to assess physical activity, it remains unclear if the transport-related and leisure-time walking actually took place in the neighbourhood in which the women lived. To clarify this, future studies should include objective measurement methods like Global Positioning Systems (GPS) [24] .
Conclusion
The present study showed that objective physical environmental attributes related to street connectivity and proximity of destinations are positively associated with walking for transportation. This positive association is mainly a direct association, independent on how women perceive the environment. Nonetheless, objectively-assessed street connectivity and proximity of destinations are negatively related to leisure-time walking. This negative association can be explained by the mediating effects of perceived personal safety, aesthetics and neighbourhood social cohesion. Based on these findings, an important message can be formulated for intervention developers and urban planners. It seems that for women living in socio-economically disadvantaged neighbourhoods, a focus on objective environmental characteristics (street connectivity, proximity of destinations) should be accompanied by a focus on improving safety, aesthetics and social cohesion of the neighbourhood, in order to affect both transport-related and leisure-time walking and to achieve larger health effects in the long-term.
